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Abstract
The relation between the Hubble constant and the scale of supersymmetry breaking is investigated
in models of inflation dominated by a string modulus. Usually in this kind of models the gravitino
mass is of the same order of magnitude as the Hubble constant which is not desirable from the phe-
nomenological point of view. It is shown that slow-roll saddle point inflation may be compatible with
a low scale of supersymmetry breaking only if some corrections to the lowest order Kähler potential
are taken into account. However, choosing an appropriate Kähler potential is not enough. There are
also conditions for the superpotential, and e.g. the popular racetrack superpotential turns out to be
not suitable. A model is proposed in which slow-roll inflation and a light gravitino are compatible.
It is based on a superpotential with a triple gaugino condensation and the Kähler potential with the
leading string corrections. The problem of fine tuning and experimental constraints are discussed for
that model.
1 Introduction
The existence of an inflationary stage in the very early Universe is a paradigm of the contemporary
cosmology. Inflation solves many problems of the standard cosmology, such as flatness and isotropy
of the observed Universe. It provides also the best known mechanism to generate the primordial
density fluctuations. This feature of inflation makes it testable by means of the CMB spectrum which
is measured very precisely by WMAP and will be measured even better by the forthcoming Planck
satellite.
Inflation is usually implemented via dynamics of a scalar field - the inflaton. The scalar sector
of the Standard Model contains only the Higgs field and its potential cannot accommodate infla-
tion. Thus, inflation can be realized only in some (more fundamental) generalization of the Standard
Model. The most promising candidates for “the theory of everything” are 10-dimensional string the-
ories. To make contact with our low-energy 4-dimensional world, six of these dimensions have to
be compactified. The main obstacle which for many years prevented from doing phenomenology
within string theories was lack of a potential for the moduli fields parametrizing 6-dimensional inter-
nal manifolds. The breakthrough in the moduli stabilization was made within the framework of type
IIB string theory, the dilaton and the complex structure moduli (CSM) were stabilized by turning on
some non-trivial fluxes [1]. A mechanism to stabilize also the Kähler moduli, including the volume
modulus, was proposed in the famous KKLT model [2]. It uses nonperturbative effects, such as the
gaugino condensation, which give rise to terms in the superpotential1 depending exponentially on the
volume modulus. As a result, the volume modulus is stabilized in a supersymmetric (SUSY) anti de
Sitter (AdS) minimum which, after inclusion of anti-branes, is uplifted to a de Sitter (dS) space. The
main drawback of this model is the explicit breaking of SUSY by anti-branes. However, this part of
the KKLT model has been improved and the moduli have been stabilized in dS vacua with SUSY
broken spontaneously by F-terms [4]-[11] or D-terms [12]-[14].
Development of dS string vacua opened the possibility of constructing inflationary models within
string theories. There are two types of scenarios: One is brane inflation, where the interbrane distance
plays the role of the inflaton [15]-[16]. The other one is moduli inflation, where the inflaton is one of
the moduli fields. In this paper, we concentrate on the latter scenario. In the KKLT model with only
one exponential term in the superpotential, the potential is too steep for slow-roll inflation. However,
adding second exponential term to the superpotential makes inflation possible. This was done in [17]
where a model called the racetrack inflation was proposed. It is a model with one Kähler modulus,
the volume modulus. Its imaginary part plays the role of the inflaton. Similarly as in the KKLT
model, a dS vacuum is obtained by non-supersymmetric uplifting. Racetrack inflation models with
supersymmetric uplifting have been also constructed. A model with string theory α′-corrections as a
source of uplifting and with SUSY broken in a dS vacuum by nonvanishing F-terms was presented in
[18]. D-terms were used to uplift the potential in racetrack inflation in [19]. The racetrack inflation
model was generalized to the case of two Kähler moduli in [20]. Other models of moduli inflation
were proposed in [21]-[22].
It was pointed out in [23] that in inflationary models based on the KKLT moduli stabilization, the
1 In the KKLT model it is assumed that the dilaton and the CSM are stabilized at high energies and nonperturbative
effects do not destabilize them. In [3] a detailed analysis of the validity of this assumption was done. It was found that in
the simplest model without CSM moduli stabilization cannot be achieved.
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gravitino mass is typically of the order of the Hubble scale during inflation which should be many
orders of magnitude larger than the electroweak scale. Models with such heavy gravitino (typically
much above the TeV scale) are disfavored from the phenomenological point of view. A possible
solution to this problem was proposed in [23] where it was observed that in models with a SUSY
Minkowski vacuum the gravitino mass is not directly related to the scale of inflation. Such SUSY
Minkowski vacua exist in KKLT type models with the racetrack superpotentials (an additional tuning
of parameters is necessary). We will call it the Kallosh-Linde (KL) model.
In [24] an inflationary model based on the KL model was constructed. However, in this model the
moduli are stabilized in a non-SUSY Minkowski minimum, which was obtained by uplifting an AdS
minimum (existing in addition to the SUSY Minkowski one). Therefore, in this model the gravitino
mass is also much larger than the TeV scale.
The main goal of this paper is to construct an inflationary model, within the framework of type
IIB string theory, with the gravitino mass much smaller than the Hubble constant during inflation. We
restrict ourselves to models with only one Kähler modulus (the volume modulus) and assume that the
dilaton and the CSM are stabilized by fluxes at some higher scales. The results of our investigation
should be valid also for multi-field models with inflation dominated by the volume modulus. We
focus on inflation that occurs in the vicinity of the saddle point with the inflaton rolling down towards
the SUSY Minkowski minimum at which the gravitino mass vanishes (or near-Minkowski minimum
at which the gravitino mass is very small). In order to find flat enough saddle points, which are
necessary for slow-roll inflation, we perform a general study of non-SUSY stationary points with
arbitrary Kähler potential and superpotential. We derive a necessary condition for slow-roll inflation.
Then, we focus on the string inspired Kähler potentials and show that, for a tree-level Kähler potential
and an arbitrary superpotential, inflation that finishes in the SUSY Minkowski minimum cannot be
realized. We find that the perturbative corrections to the Kähler potential can improve somewhat the
situation but even with such corrections, inflation still cannot be implemented in the KL model.
We propose a model in which inflation with the Hubble constant much bigger than the gravitino
mass can be realized. It is based on a superpotential with three exponential terms that may originate
from the gaugino condensation in a hidden sector. We use also the Kähler potential withα′-corrections
and string loop corrections. In this setup successful slow-roll inflation can be obtained with the
spectral index consistent with the observations. The inflaton, which is mainly the imaginary part of
the volume modulus, rolls down towards the SUSY near-Minkowski minimum, where inflation ends.
Therefore, in this model the gravitino mass can be made very small.
The paper is organized as follows. In section 2 we analyze non-SUSY stationary points and
formulate conditions necessary for slow-roll inflation. In section 3 we show how the string inspired
corrections to the Kähler potential may help in fulfilling such conditions. The KL model is analyzed
in section 4. We show that slow-roll inflation can not be realized in racetrack models with SUSY
Minkowski minimum even with the corrected Kähler potential. In section 5 we propose a triple
gaugino condensation model. It can accommodate slow-roll inflation with the Hubble constant much
bigger than the gravitino mass. We study predictions of this model and show that they are compatible
with current observational status. Finally, we conclude in section 6.
3
2 Non-supersymmetric stationary points
The scalar potential in supergravity can be expressed in terms of the superpotential W and the Kähler
potential K in the following way2:
V = eK
(
KIJDIWDJW − 3 |W |2
)
. (1)
Supersymmetric stationary points of this potential satisfy the condition:
DIW = ∂IW + ∂IKW = 0 . (2)
Using (2) and (1), we immediately see that the value of the potential at a SUSY stationary point is
always non-positive and vanishes only when
∂IW = 0 , W = 0 . (3)
Models with SUSY Minkowski vacua within type IIB string theory were studied in [25]. In [26] it
was shown that any Minkowski vacuum, satisfying conditions (3), is stable. Of course, the gravitino
mass vanishes in a SUSY Minkowski vacuum.
We are interested in inflation ending in a SUSY (near) Minkowski vacuum. Inflation may end in
a Minkowski vacuum if it starts from the vicinity of a (nearby) saddle point with positive energy. In
[27] the necessary conditions for the stability of non-SUSY Minkowski vacua were found. In what
follows, we generalize those results for any non-SUSY stationary points.
For this analysis, it is convenient to work with function G defined by:
G(ΦI ,Φ
†
I) = K(ΦI ,Φ
†
I) + logW (ΦI) + logW (Φ
†
I) . (4)
In terms of G, the scalar potential can be written as3:
V = eG
(
GIJGIGJ − 3
)
. (5)
Following [27], we use the tools of Kähler geometry with the metric given by the second derivative of
the Kähler potentialGIJ . A covariant derivative of a scalar is equal to an ordinary derivative, therefore
we can write the stationarity conditions using covariant derivatives (which is more convenient):
GI(G
KGK − 2) +GK∇IGK = 0 . (6)
The second covariant derivatives of the potential are given by
∇I∇JV = ∂I∂JV − ΓKIJ∂KV , (7)
where ΓKIJ is the connection for the Kähler manifold defined by the metric GIJ . We are interested
in the second derivatives at stationary points, where the first derivatives vanish. At such points, the
term in (7) proportional to the connection vanishes, and the ordinary second derivatives are equal to
2 We use Planck units where Mp = 1.
3 We use the standard notationGI ≡ ∂G∂ΦI , GI ≡ ∂G∂Φ†
I
.
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the covariant second derivatives. Therefore, the matrix of the second derivatives of the potential at a
stationary point reads: (
∂I∂JV ∂I∂JV
∂I∂JV ∂I∂JV
)
=
(
VIJ VIJ
VIJ VIJ
)
, (8)
where the second covariant derivatives, VIJ = ∇I∇JV and VIJ = ∇I∇JV , are given by the follow-
ing expressions:
VIJ = e
G
(
GIJ(Ĝ
2 − 2)−GIGJ(Ĝ2 − 3) +∇IGK∇JGK −RIJKLGKGL
)
, (9)
VIJ = e
G
(
(∇IGJ +∇JGI)Ĝ
2 − 1
2
−GIGJ(Ĝ2 − 3) + 1
2
GK {∇I ,∇J}GK
)
, (10)
VIJ = VIJ , VIJ = VIJ and all quantities should be understood as evaluated at a stationary point. We
introduced a quantity Ĝ ≡ √GIGI which is related in a simple way to the value of the potential:
Ĝ2 = 3 + e−GV . (11)
For Ĝ2 = 3, which corresponds to the Minkowski condition, in each of the eqs. (9) and (10) the first
term simplifies while the second one vanishes. In case of dS stationary points, which are of main
interest in this paper, we have Ĝ2 > 3.
Expressions (9) and (10) were derived in full generality but to use them in practice one has to
impose some restrictions. For the purpose of this work, it is enough to restrict to the one-field case.
For non-canonically normalized fields the physical mass matrix is given by
M2 =
(
m2
XX
m2XX
m2
XX
m2
XX
)
, (12)
with the entries
m2
XX
=
VXX
GXX
, m2XX =
VXX
GXX
, (13)
which can be written in the following form:
m2
XX
= eG
(
2− Ĝ2RX
)
, (14)
m2XX = θ
2
Xe
G
[
−2
(
Ĝ4 − 3Ĝ2 + 1
)
+ Ĝ4AXXX + 3Ĝ
4
(
Ĝ2 − 2
)
AXXX − Ĝ6AXXXX
]
, (15)
where θ2X ≡ GX/GX , AXX ≡ GXX/GXGX , AXX ≡ GXX/GXGX , etc. . . . The curvature scalar of
the Kähler manifold, RX , is given by:
RX =
GXXXX
G2
XX
− GXXXGXXX
G3
XX
. (16)
Notice that all quantities in RX contain derivatives of G with respect to both holomorphic and anti-
holomorphic variables. So, RX does not depend on the superpotential (which is holomorphic) and is
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fully determined by the Kähler potential K. In the case of stationary points satisfying the Minkowski
condition, i.e. Ĝ2 = 3, the diagonal entry m2
XX
of the mass matrix (12) depends on the superpotential
W only via the overall factor eG because the Minkowski condition fixes the value of Ĝ2. On the other
hand, looking for a saddle point appropriate for inflation, we do not insist on any particular value of
the potential at such point. It only has to be positive. Therefore, we do not fix the value of Ĝ2, and
from (14) one can see that m2
XX
does depend on both the Kähler potential and the superpotential.
In the one-field case the mass eigenvalues can be computed analytically:
m2± = m
2
XX
± ∣∣m2XX ∣∣ . (17)
When constructing a model of inflation, one usually deals with real fields rather than with complex
ones. It is convenient to introduce a new object, the so-called η-matrix, which is defined for real fields
and is very useful when looking for models appropriate for inflation. The entries of the η-matrix are
given by the second covariant derivatives with respect to real fields in the following way:
ηji =
gjk∇i∇kV
V
, (18)
where gjk = GJK/2 and the lower case indices correspond to imaginary or real parts of complex
fields (represented by capital letter indices). The smallest eigenvalue of the η-matrix is a multi-field
generalization of the slow-roll parameter η. Inflation can take place in the vicinity of a saddle point
for which the parameter η is very small and negative while all other eigenvalues of the η-matrix
are positive. In other words, this saddle point should be very flat in the unstable direction. At the
stationary points the entries of the η-matrix are proportional to the corresponding entries of the mass-
matrix, and this flatness condition, in the one-field case, can be formulated as:
0 <
∣∣m2XX ∣∣−m2XX ≪ V0 , (19)
where V0 is the value of the potential at the stationary point. In principle, one could use the above
condition together with (14) and (15) to look for models suitable for inflation. However,m2XX depends
on K and W in a very complicated way (eq. (15)), so it may turn out to be a highly non-trivial task.
On the other hand, a necessary condition for a successful model of inflation says that the trace of the
η-matrix is positive4. It is relatively simple:
m2
XX
> 0 , (20)
and, using eq. (14), can be rewritten as a condition for the Kähler curvature:
RX <
2
Ĝ2
. (21)
This condition involves both the Kähler potential and the superpotential. However, a superpotential-
independent upper bound on the value of the Kähler curvature can be found for all dS stationary points
4 To be strict, slow-roll inflation could be possible also for slightly negative trace of the η-matrix. It would require
one very small negative eigenvalue and the other one with even smaller absolute value. However, this would require more
fine tuning of parameters. It is also very unlikely from the observational point of view because it would provide very
significant production of isocurvature fluctuations, which has not been observed. For the recent study on the isocurvature
perturbations see e.g. [28].
6
(which are most interesting for inflation). It follows from (11) and (21) that the parameter η may be
small only for such stationary points for which
RX <
2
3
. (22)
This condition is weaker than (21) but it is still an important one because it can be used to eliminate
some models even without specifying the superpotential. It should be stressed that (22) is necessary
but not sufficient to satisfy the condition (20). Notice also that the right-hand side of (21) is always
positive, so (20) is satisfied when RX is negative or zero.
3 String inspired Kähler potentials
We concentrate now on the class of models motivated by string theories for which the Kähler potential
is given by:
K = −nX ln(X +X) , (23)
where nX is a positive integer. For the above Kähler potential the curvature scalar is constant and has
a very simple form:
RX =
2
nX
. (24)
Using (14) and (11) we can formulate the following condition necessary for the existence of a flat
saddle point (20):5
eG(nX − 3)− V0 > 0 . (25)
Inflation has to start from a saddle point satisfying the above condition with a positive energy. It is
clear that no such saddle points exist in models with nX ≤ 3. Whether they exist or not for nX > 3,
depends on details of a specific model.
For the Kähler potential (23) we find the following expression for the trace of the η-matrix:
ηxx + η
χ
χ = −
4
nX
(
1− e
G (nX − 3)
V0
)
, (26)
where x = ReX and χ = ImX . The r.h.s. of this equation is negative for any V0 > 0 and 0 < nX ≤ 3.
It is a significant result which tells us that for any superpotential W and the standard Kähler potential,
slow-roll inflation dominated by one modulus and starting close to a saddle point of the potential is
not possible in a broad class of models inspired by string theories.
Equation (26) simplifies in type IIB string theory (on which we focus in this paper) for which the
Kähler potential for the volume modulus is given by:
K = −3 ln(T + T ) . (27)
5 A similar result, in a different context, was obtained in [29].
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For this setup the trace of the η-matrix takes a constant negative value:
ηtt + η
τ
τ = −
4
3
, (28)
where t = ReT and τ = ImT .
The condition (28) forbids saddle point inflation in supergravity theories with the Kähler potential
(27). So, how is it possible that the original racetrack model [17] successfully implements inflation,
even though it starts from the vicinity of a non-SUSY saddle point? To answer this question, we recall
that a key ingredient of the racetrack model is the uplifting term in the potential
∆V =
E
t2
, (29)
which explicitly breaks supersymmetry. The numerical value of E is fine tuned in order to uplift the
AdS minimum to the Minkowski one. It turns out that this term plays also a very important role from
the inflationary point of view. The reason is that the uplifting gives an additional contribution to the
second derivative of the potential with respect to t increasing ηtt by
∆ηtt =
1
V0
4E
t2
+ . . . , (30)
where ellipsis denotes corrections due to different position of the saddle point and the value of the
potential after uplifting. Other entries of the η-matrix are also changed. Slow-roll inflation is possible
when ∆ηtt +∆ηττ is big enough at the uplifted saddle point. We have checked that for the parameters
used in [17], the value of ∆ηtt +∆ηττ is about 4, which is substantially bigger than the limiting value
4
3
. Parameter E has to be large enough to increase appropriately the trace of the η-matrix. So, the
SUSY AdS minimum before uplifting has to be rather deep to ensure that after uplifting ∆ηtt +∆ηττ
is big enough. As we mentioned before, a deep AdS minimum is the source of a large gravitino mass
in the uplifted Minkowski minimum.
There are also racetrack inflation models with uplifting which breaks SUSY spontaneously by
F-terms [18] or D-terms [19]. Such upliftings contribute to the η-matrix in a more complicated way
but in every case they make the trace of the η-matrix positive. The main disadvantage of this class of
models is a large gravitino mass. In the following sections we discuss mechanisms which can change
the condition (28) without increasing a small (or even vanishing) gravitino mass.
3.1 Corrections to Kähler potential
In this subsection we identify corrections to the Kähler potential which may change the sign of the
η-matrix trace. A necessary condition for the positivity of that trace is
RT <
2
3
, (31)
while a sufficient one is
RT ≤ 0 . (32)
In a type IIB model with the leading order of the Kähler potential for the volume modulus T (27), the
Kähler curvature equals RT = 2/3. Therefore, the necessary condition (31) in such a model is only
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marginally violated, so even relatively small corrections to K can make this condition satisfied. On
the other hand, RT = 2/3 is far away from the sufficient condition (32).
In general, it is not hard to satisfy condition (32). For example, in the case of the simplest Kähler
potential K = XX†, which provides the canonical kinetic term for the field X , RX vanishes. Unfor-
tunately, this is not the case for the moduli fields. We check now whether corrections to the leading
order Kähler potential (27) can give a negative contribution to RT . We consider the corrections of the
following form:
∆K = − ξ
(T + T )k
. (33)
The scalar curvature for the corrected Kähler metric reads:
RT =
2
3
− k(k − 1)(k + 1)(k + 2)
9
ξ
(T + T )k
+O(ξ2) . (34)
As one can see, for ξ > 0 and k > 1, correction (33) gives a negative contribution to RT . The string
theoretical predictions for the corrections to the Kähler potential presented in [30] are given by:
∆K = − ξα′
(T + T )3/2
− ξloop
(T + T )2
, (35)
where ξα′ is the coefficient of the α′-correction and ξloop is the coefficient of the string loop correction.
The leading α′-corrections were computed in [31] and the coefficient ξα′ was found to be of the
following form:
ξα′ = −χζ(3)e
−3φ0/2
2
, (36)
where χ is the Euler number of the compactification manifold and φ0 is the expectation value of the
dilaton (which we assume to be stabilized by fluxes). The form of the leading string loop correction
was found in [32] by a dimensional analysis. Further studies of the string loop corrections were done
e.g. in [33]-[35] but quite little is known about the coefficient ξloop.
For those specific corrections (35), the scalar curvature RT reads:
RT =
2
3
− 35
48
ξα′
(T + T )3/2
− 8
3
ξloop
(T + T )2
+ . . . , (37)
where ellipsis stands for the higher order terms. The numerical coefficient in front of the α′-correction
is comparable with the leading order contribution, 2
3
, while the numerical coefficient in front of the
string loop correction is four times bigger. Therefore, there is a chance to find saddle points with
positive trace of the η-matrix in the region where the corrections to the Kähler potential are small
enough to trust the perturbative expansion, especially with the help of the string loop corrections.
Corrections to the leading order Kähler potential have already been used to implement inflation in
type IIB string theory. In [18] a racetrack inflation model was presented in which the α′-corrections
were used to uplift a SUSY AdS minimum to a dS space (and to break supersymmetry). In the next
sections we investigate models in which the corrections to the Kähler potential are used to implement
inflation, but in a different way than in [18]. We start with a SUSY Minkowski (or near-Minkowski)
minimum and then add the Kähler corrections to modify the structure of the η-matrix in order to satisfy
the slow-roll conditions. The Kähler corrections do not affect the position of the SUSY Minkowski
minimum (see (3)) so the gravitino remains massless (or at least very light).
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4 Problems with inflation in Kallosh-Linde model
It was pointed out in [23] that in the KKLT-type models, there is the following relation between the
scale of inflation and the gravitino mass:
H ≤ m3/2 . (38)
A typical scale of inflation is much above the TeV scale, so the above relation makes a low-energy
supersymmetry breaking problematic. This problem is caused by uplifting a AdS minimum to a
Minkowski (or dS) space. In models with a SUSY Minkowski minimum no uplifting is needed, so
this problem is evaded. The simplest model of this type is the KL model.
In this section we examine the possibility of inflation in the KL model. The superpotential in this
model reads:
W = A+ Ce−cT +De−dT . (39)
The exponential terms come from gaugino condensation in the hidden sector. The parameters c = 2pi
N
and d = 2pi
M
are determined by the rank of the hidden sector gauge group SU(N)× SU(M). Without
loosing generality, we choose c > d. The parameter A is the contribution from fluxes. Conditions (3)
can be solved exactly and imply a SUSY Minkowski minimum at the following value of T :
Tmink = tmink =
1
c− d ln
∣∣∣∣ cCdD
∣∣∣∣ . (40)
Notice that τmink = 0 at this minimum. The existence of a SUSY Minkowski minimum imposes the
following constraint on the superpotential parameters:
A = −C
∣∣∣∣ cCdD
∣∣∣∣ cd−c −D ∣∣∣∣ cCdD
∣∣∣∣ dd−c , (41)
which we will use to eliminate A from all formulae in this section. The scalar potential can be written
in the form:
6N t2V = [c (dt+ 3) e−d∆ − d (3 + ct) e−c∆ − 3 (c− d)] (e−d∆ − e−c∆)
+6 (c− d)
(
e−d∆ sin2
(
dτ
2
)
− e−c∆ sin2
(cτ
2
))
+2e−(c+d)∆ (2cdt+ 3c+ 3d) sin2
(
(c− d) τ
2
)
, (42)
where N ≡ ∣∣ cC
dD
∣∣ c+dc−d |CD|−1 and ∆ ≡ t − tmink. The SUSY Minkowski minimum is located at
∆ = 0, τ = 0. The explicite dependence on the parameters C and D factorizes and appears only in
the combination N . However, there is a hidden dependence on these parameters in ∆ because tmink
depends on the ratio C
D
.
For the potential (42) one could imagine two scenarios of inflation starting at a saddle point and
ending in the SUSY Minkowski minimum: one dominated by t field and another dominated by τ .
However, there are obstacles which do not allow for any of these scenarios to be realized in the KL
10
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Figure 1: Typical structure of the scalar potential (42) for τ = 0.
model. First of all, as we have shown in the previous section, for any superpotential, inflation is
impossible when the Kähler potential has the standard form given in eq. (27). But even for a more
general Kähler potential no slow-roll inflation can be realized with the racetrack superpotential (39).
It is instructive to discuss in some detail the KL model with the uncorrected Kähler potential. Then,
it will be easier to understand why for the corrected Kähler potential inflation is still not possible.
4.1 t as candidate for inflaton
We begin with the case for which t is a candidate for the inflaton. It is easy to see that for τ = 0 the
potential (42) has vanishing derivatives: ∂V
∂τ
∣∣
τ=0
= 0, ∂
2V
∂t∂τ
∣∣∣
τ=0
= 0. So, at each t for which ∂V
∂t
∣∣
τ=0
=
0, there is a stationary point with a diagonal matrix of the second derivatives of the potential. Some of
such points may be saddle points with instability in the t direction. In order to study such stationary
points we compute the first derivative of (42) with τ set to zero6:
6N t3∂V
∂t
=
[
(ct + 2)e−c∆ − (dt+ 2)e−d∆] [c(2dt+ 3)e−d∆ − d(2ct+ 3)e−c∆ − 3(c− d)] . (43)
The above function has three zeros which correspond to three extrema of the potential (see fig. 1). The
first one is the SUSY Minkowski minimum (∆ = 0) corresponding to the first zero of the function
in the second square bracket in (43). The second one is a maximum (saddle point from the two-
dimensional point of view) corresponding to the only zero of the function in the first square bracket.
The third one is an AdS minimum which corresponds to the second zero of the second square bracket.
6 We choose τ = 0 but one should remember that the potential (42) is periodic in τ with the period equal to the
smallest common multiple of integersM andN introduced after eq. (39).
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In principle, there could be a chance that inflation starts at the vicinity of the saddle point from
which the inflaton slowly rolls down towards the SUSY Minkowski minimum. Therefore, we study
this saddle point in more detail. Its position is given by the solution of the following equation:
(ct+ 2)e−c∆ − (dt+ 2)e−d∆ = 0 . (44)
This equation cannot be solved exactly. However, it can be solved in the limit ct, dt ≫ 1. The
approximate solution is given by:
∆sp ≈ 1
c− d ln
c
d
. (45)
For c > d it satisfies the condition d∆sp < 1, while in the limit c→ d, we obtain d∆sp = 1. It can be
shown that the exact value of ∆sp is smaller than its approximate value (45).
In order to check whether slow-roll inflation is possible, we compute the parameter η at the saddle
point (44). Since ητt vanishes at τ = 0, η-matrix is diagonal and parameter η = ηtt = 2t
2
3
Vtt
V
is found
to be:
η = −2 [cdt
2 + 2(c+ d)t+ 2]
3
(
1 +
cdt2e−d∆sp
[cdt2 + 3(c+ d)t+ 6] e−d∆sp − 3ct− 6
)
. (46)
One could hope to get |η| ≪ 1 by tuning the second bracket in the above equation to a very small
value. This would require:
ed∆sp ≈ 1 + dt(2ct+ 3)
3ct+ 6
(47)
We will show that the above approximate equality can not be fulfilled. Let us start with the limit
c→ d in which eq. (44) can be solved for arbitrary value of tmink giving:
d∆sp ≈
√
d2t2mink + 6dtmink + 1− 1− dtmink
2
. (48)
This is a monotonically growing function of dtmink with the upper limit d∆sp < 1. For the minimal
possible value dtmink = 1, the above equation yields d∆sp =
√
2 − 1. Therefore, for dtmink = 1, the
l.h.s. of (47) equals ed∆sp = e
√
2−1 ≈ 1.5 and is smaller than the r.h.s. which equals 1+ dt(2ct+3)
3ct+6
≈ 1.8.
Observing that the r.h.s. of (47) grows faster with dtmink than the l.h.s. of (47), we conclude that, in
the limit c → d, condition (47) cannot be satisfied for any value of dtmink ≥ 1. It is easy to see that
this conclusion remains true also for c > d. For fixed dt, the r.h.s. of (47) increases with growing ct
while d∆sp, and hence the l.h.s. of (47) decreases. We have shown that the square bracket in (46) can
not be very small.
The range of possible values of the η parameter may be, in some approximation, found from eq.
(46). In the limit ct, dt≫ 1, we get:
|η| ≈ 4cdt
2
3
≫ 1 . (49)
The smallest possible value of |η| ≈ 19 is obtained for dtmink = 1 and c→ d. Therefore, |η| is never
small enough and slow-roll inflation is not possible.
This result can be interpreted as a manifestation of the well-known η-problem in supergravity,
which states that a generic value of η is of order one. This problem can be evaded for fields which do
not appear in the Kähler potential. This is the case for the field τ . We examine the possibility that τ
is an inflaton in the next subsection.
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4.2 τ as candidate for inflaton
The position of the SUSY Minkowski minimum is at τ = 0. Therefore, a saddle point with instability
in the τ direction has to be situated at τ 6= 0. The potential (42) depends on τ through sines of cτ , dτ
and (c−d)τ , which have the first maximum in the τ direction at pi
c
,
pi
d
and pi
c−d , respectively. In the limit
ctmink, dtmink ≫ 1, the structure of the maxima in the τ direction is dominated by the sin
(
(c−d)τ
2
)
term (the last term in (42)). Furthermore, the coefficients multiplying sin ( cτ
2
)
and sin
(
dτ
2
)
have
opposite signs. All this suggests that the first maximum in the τ direction is around τ ≈ pi
c−d . We
checked numerically that for large ctmink, dtmink the first maximum in the τ direction is indeed around
τ ≈ pi
c−d . For smaller ctmink, dtmink the first maximum in the τ direction appears at least for τ >
pi
c
. To
be a saddle point, such a maximum in the τ direction must be a minimum in the t direction. We have
found numerically that the minima in the t direction, having positive energy, exist only for relatively
small values of τ (see fig. 2). To understand this fact we compute the first derivative of the potential
(42) for τ 6= 0:
6N t3∂V
∂t
=
[
(ct+ 2)e−c∆ − (dt+ 2)e−d∆] [c(2dt+ 3)e−d∆ − d(2ct+ 3)e−c∆ − 3(c− d)]
+6(c− d)
[
sin2
(cτ
2
)
(ct+ 2)e−c∆ − sin2
(
dτ
2
)
(dt+ 2)e−d∆
]
− 2 sin2
(
(c− d)τ
2
)
e−(c+d)∆ [(ct + 2)c(2dt+ 3) + (dt+ 2)d(2ct+ 3)] . (50)
The potential has, for fixed τ , a minimum in the t direction at t = tmin if ∂V∂t vanishes at tmin and
is positive in some interval (tmin, tmax). There is no such a minimum if ∂V∂t is negative for every
t < tAdS , where tAdS is the value of t at the AdS minimum. We discuss now in more detail the sign
d
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Figure 2: Plot presents disappearing of the barrier for increasing τ . Different lines correspond to
different values of cτ : (a) cτ = 0, (b) cτ = 0.2, (c) cτ = 0.4, (d) cτ = 0.5.
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Figure 3: Plot of the expression (56) for dtmink = 1. Different lines correspond to different values of
δ: (a) δ = 0.1, (b) δ = 0.2, (c) δ = 0.3, (d) δ = 1.
of ∂V
∂t
for non-zero values of τ . The third term in (50) is always negative for τ 6= 0. The second
term in (50) is positive for small d∆ but asymptotically for large d∆ it is negative too. Expanding the
second term in (50) to the second order in τ , we find that it changes sign for ∆ being the solution of
the following equation:
c2(ct+ 2)e−c∆ − d2(dt+ 2)e−d∆ = 0 , (51)
which, in the limit ct, dt≫ 1, is given by:
d∆ ≈ 3
c/d− 1 ln
c
d
< 3 . (52)
Therefore, the τ -dependent part of ∂V
∂t
, given by the last two terms in (50), could be positive only for
d∆ ∈ (0, 3). However, it occurs that the τ -dependent part of ∂V
∂t
is always negative. In order to show
this, we expand ∂V
∂t
in τ :
6N t3∂V
∂t
=
[
(ct + 2)e−c∆ − (dt+ 2)e−d∆ ][ c(2dt+ 3)e−d∆ − d(2ct+ 3)e−c∆ − 3(c− d)]
+
(c− d)τ 2
2
{−(c− d)e−(c+d)∆ [(ct+ 2)c(2dt+ 3) + (dt+ 2)d(2ct+ 3)]
+ 3
[
c2(ct+ 2)e−c∆ + d2(dt+ 2)e−d∆
]}
+O(τ 4) . (53)
We are interested in the coefficient of the τ 2 term. The negative terms in the square bracket in the
above equation are of order t2mink, while the positive ones are of order tmink (we recall that the tmink-
dependence is implicit via the relation t = tmink + ∆). Therefore, for a given ∆, there always
exists such tmink that the τ -dependent part of ∂V∂t is negative. Furthermore, the second term of the
τ -expansion (53), for ∆ = 0, is a monotonically decreasing function of tmink:
− cd(c− d)
2τ 2tmink(2ctmink + 2dtmink + 5)
2
. (54)
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So, if the second term in (53) is negative for the smallest possible value of dtmink = 1, then it is
negative for any tmink. Thus, we concentrate now on the case dtmink = 1. It is convenient to introduce
a dimensionless parameter δ:
δ ≡ c− d
d
. (55)
The coefficient of the τ 2 term in (53), up to normalization, can be rewritten in the following way:
− 3(3 + d∆)e−d∆ + 3(1 + δ)2(d∆δ + δ + 3 + d∆)e−d∆(1+δ)
− δ(30 + 26δ + 5δ2 + 4d2∆2 + 6d2∆2δ + 2d2∆2δ2 + 26d∆δ + 7d∆δ2 + 22d∆)e−d∆(2+δ). (56)
This expression looks quite complicated but after imposing dtmink = 1, it is the function of two
variables δ and ∆. >From fig. 3 one can see that the second term in (53) is always negative. This is
the reason why for a certain value of τ the minimum in the t direction disappears. The potential (42)
has no saddle points which are maxima in the τ direction.
4.3 Corrections to Kähler potential in KL model
We have shown that the corrections to Kähler potential can help in building models of inflation.
However, as we will show in this subsection, the corrections to Kähler potential are still not sufficient
to implement inflation in the KL model. For simplicity we use only the α′-correction (the string loop
corrections modify the potential in a similar way) which we denote by κ:
∆K = −κ = − ξα′
(T + T )3/2
. (57)
The resulting leading correction to the scalar potential reads:
∆V =
κ
12(T + T )3
∣∣(T + T )∂TW + 3W ∣∣2 , (58)
As in the case without corrections, we are most interested in the τ 2 term of the expansion7 of ∂V
∂t
:
192N cdt4∂V
∂t
=
= − 16c2d2t3 (4 + κ) (e−c∆c− e−d∆d) (−e−d∆ + e−c∆)
− 4cdt2 {[6 (c2 + d2) (κ− 4) + 2cd (κ− 32)] e−∆(d+c) − 7cd (κ− 8) (e−2d∆ + e−2c∆)}
+ 24cdt2 (c− d) (κ− 4) (−e−d∆d+ e−c∆c)− 81κ (−d + c+ e−c∆d− e−d∆c)2
+ 48cdt (κ− 4) (e−d∆ − e−c∆) (e−d∆c− e−c∆d− c+ d)
− (c− d)cdτ 2 {(c− d) [8cd (4 + κ) (d+ c) t3 − (12(c2 + d2) (κ− 4) + 4cd (κ− 32)) t2
−24 (κ− 4) (d+ c) t + 81κ] · e−∆(d+c) + 3c [4ct (κ− 4) (ct + 2)− 27κ] e−c∆
−3d [4dt (κ− 4) (dt+ 2)− 27κ] e−d∆}+O(τ 4) , (59)
7 The explicite expressions for the potential and its derivative are given in the appendix.
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Figure 4: Plot of the potential without corrections (straight lines) and with maximal possible correc-
tion κmink = 1 (dashed lines) for different values of cτ : (a) cτ = 0, (b) cτ = 0.45.
It is a complicated expression but one can figure out some interesting features. For τ = 0, the leading
term in the limit ct, dt≫ 1 (the first term in (59)) factorizes in the same way as in the uncorrected case
(the first term in (53)). Therefore, the correction affects the leading term in ∂V
∂t
only by a small change
of an overall coefficient (|κ| < 1 in the perturbative regime). The position of the maximum in the t
direction of that leading term remains unchanged. Obviously, the corrections to the non-leading terms
in (53) may change this position a little bit, but in all the terms the corrections change the coefficients
only by small fractions. Figure 4 shows that the position of the barrier is almost unchanged by the
corrections. One can see also that the corrections make the barrier slightly higher. This decreases the
parameter η but only by a small amount. Therefore, we expect the parameter η to be only marginally
changed by the corrections. We confirmed these expectations by numerical analysis. We conclude
that inflation from the saddle point in the t direction is not possible in the KL model.
The τ -dependent part of ∂V
∂t
is less complicated. Similarly to the uncorrected case, it can be shown
that it is always negative. We proceed in the same way as before. For ∆ = 0, the term proportional to
τ 2 in (59) is still a monotonically decreasing function of tmink:
− 8 [(c + d)tmink (4 + κ) + 10 + κ] t2mink (d− c)2 c2d2τ 2 . (60)
So, again it is enough to concentrate on the case with dtmink = 1. The term proportional to τ 2 in the
expansion of ∂V
∂t
is given by (A.3) in the appendix. The plot of this function is presented on fig. 5.
One can see that even relatively large corrections do not significantly alter the results as compared to
the uncorrected case. The τ -dependent part of ∂V
∂t
is still negative. The minimum in the t direction
disappears for values of τ similar to those in the uncorrected case, as seen in fig. 4.
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Figure 5: Plot of the τ -dependent part of ∂V
∂t
expanded to the order of τ 2 with the condition dtmink = 1
imposed. The value of δ = 0.2 is used but the plot does not differ qualitatively for other values of δ.
κmink is the value of κ (defined in (57)) at the Minkowski minimum. κmink = 0 corresponds to the
case without corrections, while κmink = 1 and κmink = −1 correspond to the case of the correction
at the border of validity of the perturbative expansion. We recall that only corrections with positive κ
give positive contribution to the trace of the η-matrix.
In this section we have shown that it is not possible to implement inflation in the KL model with or
without corrections to the Kähler potential. We conclude that the realization of inflation requires not
only the corrections to the Kähler potential but also some change of the form of the superpotential.
5 Triple gaugino condensation model
In this section, we show that a successful inflation in the vicinity of a SUSY Minkowski minimum can
be achieved by changing the superpotential. We consider models with the superpotential containing
three gaugino condensation terms:
W = A+Be−bT + Ce−cT +De−dT . (61)
We allow A = A0 + iα0 and B = B0 + iβ0 to be complex (the reasons for such choice will be
explained later) but, for simplicity, assume that C and D are real. The hidden sector gauge group is
SU(N)×SU(M)×SU(L) and the additional parameter in the exponential, as compared to racetrack
superpotential, is b = 2pi
L
. We take the Kähler potential with the leading corrections:
K = −3 ln(T + T )− ξα′
(T + T )3/2
− ξloop
(T + T )2
. (62)
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In this model the conditions (3) for the existence of a SUSY Minkowski minimum cannot be
solved analytically and the solution is not unique. A new feature is the possibility of having a SUSY
Minkowski minimum for a non-zero value of τ (this requires a non-zero imaginary part of A). More-
over, near this SUSY Minkowski minimum there exists a dS saddle point at which inflation could
start. However, one can check that it is impossible to have a small η-parameter if all three parameters
B, C and D are real. We performed numerical analysis of the η-matrix for many different sets of the
parameters: B, C, D, b, c, d, ξα′ and ξloop, adjusting parameter A to keep W = 0 at the Minkowski
minimum. We observed that the behaviour of the η-matrix is similar if we change any of the param-
eters B, C, D, b, c or d. For concreteness, let us concentrate on changing parameter B keeping other
(except A) fixed. For a certain value of B, the SUSY Minkowski minimum is situated at τ = 0 (as
in the KL model) and the saddle point is unstable in the t direction having very large, negative ηtt .
Changing B, we can move the SUSY Minkowski minimum to a non-zero value of τ , but a nearby
saddle point has very large negative ηττ . Changing B further, one can obtain very small negative ηττ .
Unfortunately, the off-diagonal ητt entry is very large, so the parameter η remains also very large. For
a small range of B both diagonal entries of the η-matrix are positive but the trace is always smaller
than the off-diagonal entry. This implies again a large, negative η-parameter. Changing B one can
also obtain very small, negative ηtt but still large off-diagonal entry prevents from the slow-roll regime.
The parameters ξα′ and ξloop, which parametrize the corrections to the Kähler potential, change the
η-matrix in a different way. All the entries of the η-matrix grow with increasing ξα′ or ξloop. The trace
of the η-matrix also grows but still it is smaller than the off-diagonal entry. We conclude that the main
obstacle in obtaining a flat saddle point are large off-diagonal entries of the η-matrix.
The situation changes when one allows for a small imaginary parts of B, C or D. We choose
B = B0 + iβ0 to be complex but similar results can be obtained when choosing C or D to be
complex8. Changing the value of β0, one can obtain a very small off-diagonal entry of the η-matrix.
Furthermore, with one more parameter (B0 , C or D) fine-tuned, a slow-roll inflation is possible. For
the numerical example we choose the following set of parameters:
B0 = −5.454364 · 10−2 , β0 = 5.939476 · 10−5 , C = − 1
75
, D =
1
30
,
b =
2π
70
, c =
2π
100
, d =
2π
90
, ξα′ = 500 , ξloop = 5000 . (63)
For this set of parameters the conditionW ≈ 0 at the SUSY near-Minkowski minimum is obtained
by tuning A0 and α0 in the following way:
A0 = 7.2058574 · 10−7 , α0 = −9.4134768 · 10−8 . (64)
The exact SUSY Minkowski minimum can be obtained only by exact tuning W = 0. However, in our
world SUSY is broken and the gravitino mass does not vanish. Therefore, tuning of A does not have
to be very precise.
8 Nonzero imaginary parts of B, C and D can originate from loop threshold corrections to the corresponding gauge
kinetic functions (see e.g. [36]-[37]). Such corrections usually depend logarithmically on various moduli fields and can
modify gaugino condensation terms by moduli-dependent polynomial prefactors. In our model most of the moduli are
assumed to be stabilized at higher scales. If some of them has complex vevs, the parametersB, C, D can have imaginary
parts. Moreover, relative phases of B, C and D can be changed by redefining the axion τ .
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Figure 6: Plot of the inflationary part of the potential multiplied by 1019 in the triple gaugino conden-
sation model for parameters (63)-(64).
In this example we use both α′ and string loop corrections but an inflationary saddle point can
be found using α′ or string loop correction alone. Therefore, our effective model is also valid for
Calabi-Yau compactifications for which one of these corrections is suppressed.
The structure of the inflationary potential is shown at fig. 6. There are two minima and the saddle
point where inflation can take place. One of these minima is of AdS-type and is situated at the
following field values:
tAdS = 104.646 , τAdS = −11.664 . (65)
We are more interested in the SUSY Minkowski minimum which occurs at:
tmink = 104.473 , τmink = 10.885 . (66)
The inflationary saddle point is situated at:
tsaddle = 115.475 , τsaddle = −0.183 . (67)
In order to trust the perturbative expansion of the Kähler potential, the ratios ξα′/(T + T )3/2 and
ξloop/(T + T )
2 has to be small. For the Minkowski minimum (66) these turn out to be, respectively,
around 0.17 and 0.11, while for the saddle point (67) around 0.14 and 0.09. Therefore, both types
of corrections are indeed small. There are no firm predictions for the values of parameters ξα′ and
ξloop. We have chosen them in such a way that both give similar corrections to the Kähler potential in
the region of the parameter space important for inflation. Of course, inflation can be realized also for
other values of those parameters, e.g. for slightly bigger ξα′ and much smaller ξloop (for large values
of t, the coefficient multiplying ξα′ in eq. (62) is much bigger than the one multiplying ξloop).
To check whether the saddle point (67) is flat enough for inflation, we compute the η-matrix:
η ≈
(
1.99688 0.097453
0.097453 0.0018433
)
. (68)
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Figure 7: Evolution of the fields in the last stage of inflation as a function of e-folds N .
It has the eigenvalues: η1 = −0.0029058, η2 = 2.00163. They differ by three orders of magnitude, so
the isocurvature fluctuations are very small and can be neglected.
In order to study the evolution of the fields during inflation we have to solve the appropriate
equations of motion which, for non-canonically normalized fields, are given by:
φ¨i + 3Hφ˙i + Γijkφ˙
jφ˙k + gij
∂V
∂φi
= 0 ,
H =
(
a˙
a
)2
=
8πG
3
(
1
2
gijφ˙iφ˙j + V
)
, (69)
where a is the scale factor, H is the Hubble parameter and dots denote derivatives with respect to
cosmic time. It is convenient to study the field evolution using the number of e-folds N :
a(t) = eN ,
d
dt
= H
d
dN
. (70)
Then, the equations of motion in our model read:
t′′=−
[
3− gtt
2
(
t′2 + τ ′2
)](
gtt
Vt
V
+ t′
)
− g
ttgttt
2
(
t′2 − τ ′2) , (71)
τ ′′=−
[
3− gtt
2
(
t′2 + τ ′2
)](
gtt
Vτ
V
+ τ ′
)
− gttgtttt′τ ′ , (72)
where gtt = (gtt)−1 = 12
∂2K
∂t2
, gttt =
1
2
∂3K
∂t3
and ′ denotes derivatives with respect to N . We solve
numerically these equations for parameters (63)-(64) with a starting point near the saddle point (67):
t(0) = tsaddle , τ(0) = τsaddle(1− ι) , t′(0) = τ ′(0) = 0 . (73)
With the initial conditions fine-tuned at the level of ι = 0.01, we obtain about 217 e-folds of slow-roll
inflation before the inflaton starts to oscillate around the SUSY Minkowski minimum (66), as seen
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in fig. 7. For ι = 0.02 one can obtain about 108 e-folds of inflation which is also enough to explain
flatness and isotropy of the observed Universe.
We should comment on the fine-tuning of this model. First of all, one should fine-tune W = 0
to obtain vanishing cosmological constant and vanishing gravitino mass at the same time. This is
done by tuning the complex parameter A. In our world SUSY is broken and the gravitino mass is
nonzero, so this fine-tuning can be relaxed to some extent. For the low energy SUSY breaking with
m3/2 ≈ O(1TeV), the fine-tuning of A is at the level of 10−4. For larger gravitino masses the fine-
tuning of A is even smaller. On the other hand, for smaller fine-tuning of A we obtain more negative
energy in the minimum and stronger uplifting is needed to obtain a vanishing (or slightly positive)
cosmological constant. We recall that uplifting of a deep AdS minimum is the source of large gravitino
masses in typical KKLT-type models. In our model the AdS minimum is not very deep. We studied
numerically the effect of uplifting on the gravitino mass. We used effective uplifting term ∆V = E
t2
and found that such uplifting changes the gravitino mass by extremely small amount. For example
for m3/2 ≈ O(1TeV) the uplifting changes the gravitino mass only by around 10−19.
Secondly, one has to fine-tune B0 and β0 to ensure the flatness of the inflationary saddle point.
B0 is fine-tuned at the level of 10−7, while fine-tuning of β0 is at the level of 10−5. In the original
racetrack model [17] there is only one fine-tuning at the level of 10−4 needed to obtain small η-
parameter. Therefore, we conclude that, at least in our triple gaugino condensation model, the price
for small gravitino mass is an additional fine-tuning of parameters. It would be very interesting to
check whether this additional fine-tuning is a general feature of the KKLT-type models with a small
gravitino mass. We leave it for the future work.
5.1 Rescaling properties
The triple gaugino condensation model has some rescaling properties. There are some transformations
of the parameters that do not affect the potential or scale the potential in such a way that the slow-roll
parameters remain unchanged. One of them reads:
A→ kA , B → kB , C → kC , D → kD (74)
with other parameters and field T unchanged. This transformation scales the potential and the ampli-
tude of the density perturbations δρ
ρ
in the following way:
V → k2V , δρ
ρ
→ kδρ
ρ
. (75)
Another transformation is given by:
b→ λ−1b , c→ λ−1c , d→ λ−1d , ξα′ → λ3/2ξα′ , ξloop → λ2ξloop (76)
with other parameters unchanged. If field T is also rescaled:
T → λT , (77)
then, the potential and the amplitude of density perturbations scale as:
V → λ−3V , δρ
ρ
→ λ−3/2 δρ
ρ
. (78)
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The above two transformations can be used to change the parameters in order to have a correct ampli-
tude of density perturbation. Combining these transformations one can obtain a transformation that
do not change the potential at all:
A→ ζA , B → ζB , C → ζC , D → ζD ,
b→ ζ−2/3b , c→ ζ−2/3c , d→ ζ−2/3d ,
ξα′→ ζξα′ , ξloop → ζ4/3ξloop , T → ζ2/3T . (79)
This transformation is very useful because it does not change any predictions of the model. If one of
the parameters chosen in our example do not fulfill string-theoretical constraints (which hopefully will
appear in the near future) one will be able to use (79) to change this parameter accordingly without
changing inflationary predictions. In particular, with the help of this transformation, one can reduce
the rank of the hidden sector gauge groups, which appear in parameters b, c and d.
5.2 Experimental constraints and signatures
Every inflationary model has to satisfy the COBE normalization [38]:
δρ
ρ
=
2
5
√
PR(k0) ≈ 2 · 10−5 , (80)
where k0 ≈ 7.5H0 is the scale for which COBE satellite has measured the amplitude of the density
perturbations. PR is the amplitude of the scalar perturbations and is given, in the slow-roll approxi-
mation, by the following formula:
PR(k) = 1
24π2
(
V
ǫ
)∣∣∣∣
k=aH
, (81)
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Figure 8: Evolution of the spectral index during inflation as a function of e-folds N for parameters
(63)-(64). The vertical dashed line corresponds to the COBE normalization point at which we obtain
ns ≈ 0.94.
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where the r.h.s. of this equation is evaluated at the time when the scale k crosses the horizon and ǫ is
the generalized slow-roll parameter, given by:
ǫ ≡ 1
2
gij
(
ViVj
V 2
)
, (82)
which in our model reads:
ǫ =
(
∂2K
∂t2
)−1(
V 2t + V
2
τ
V 2
)
. (83)
The COBE normalization has to be imposed approximately 55 e-folds before the end of inflation9.
We have checked that for the parameters (63)-(64) our model predicts the amplitude of the density
perturbations about 2.2 · 10−5 which is consistent with COBE measurements (80).
An important quantity, which gives constraints on inflationary models, is the spectral index:
ns − 1 ≡ d lnPR(k)
d ln k
≈ d lnPR(N)
dN
, (84)
where the last approximation comes from the fact that this quantity is evaluated at horizon crossing
k = aH = HeN which implies d ln k ≈ dN . In fig. 8 we plot ns versus N . The spectral index at the
COBE normalization point has the value:
ns ≈ 0.94 , (85)
which is consistent with the 3-year WMAP result ns = 0.958± 0.016 [39]. The value of the spectral
index (85) agrees also with the results of [40], where the bound ns . 0.95 was found for quite
general racetrack inflation models (including models with more than two exponential terms in the
superpotential). From the slope on fig. 8 one can see that dns
d ln k
≈ −0.001 which is far below the
current upper limit. The tensor to scalar ratio in the slow-roll approximation is given by r = 16ǫ. In
this model we found the value r ≈ 10−12 which is negligible.
6 Conclusions
In this paper we have studied the possibility of implementing inflation ending in a SUSY (near)
Minkowski minimum and dominated by one modulus in type IIB flux compactification. We have
identified a general obstacle that can make a slow-roll inflation impossible in this type of models. We
have found that, for the tree-level Kähler potential, in the one-modulus case, the trace of the η-matrix
at any non-SUSY stationary point is negative. In the case of the overall volume modulus this trace is
equal −4
3
. This implies that the slow-roll parameter η near a non-SUSY saddle point is necessarily
smaller than −4
3
which is not consistent with the slow-roll condition |η| ≪ 1. Analogous results are
valid for other moduli when the Kähler potential has the form given in eq. (23) with nX ≤ 3. It is
important to stress that this is a general result, independent of the form of the superpotential.
In order to cure this problem one has to add some corrections to the Kähler potential, such as the
α′-corrections or the string loop corrections. However, in the KL model with the racetrack super-
potential inflation cannot be realized even with a corrected Kähler potential. In this model, ReT is
9The exact number of e-folds before the end of inflation for which k0 crosses the horizon depends on the reheating
temperature, which is model-dependent.
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not a good candidate for the inflaton, because it appears in the Kähler potential and therefore suffers
from the usual η-problem. Also ImT cannot play the role of the inflaton because saddle points with
instability in the ImT direction do not exist in the KL model. It turns out that minima in the ReT
direction (with positive value of the potential) disappear for values of ImT much smaller than that of
the first maximum in the ImT direction. Therefore, in the class of models under consideration, not
only corrections to the Kähler potential are necessary but one needs also to change the superpotential.
In this paper we have proposed a novel inflationary model with a triple gaugino condensation.
It contains three exponential terms in the superpotential. The corrections to the Kähler potential are
crucial in this model. In the presented example, the α′-corrections and the string loop corrections to
the Kähler potential are used but a successful slow-roll inflation can also be obtained with only one
type of such corrections. The imaginary part of T plays the role of the inflaton. More than 100 e-folds
can be obtained if the initial value of ImT is close to the position of the saddle point and tuned at the
level of 0.02. The spectral index ns ≈ 0.94 is consistent with the CMB measurements.
The main distinctive feature of this model is that the gravitino mass is much smaller than the
Hubble constant during inflation. However, the price for a small gravitino mass is an additional
fine tuning of the parameters as compared to the original racetrack inflation [17]. We leave for a
future investigation the question whether this additional fine-tuning is a generic feature of inflationary
models with a SUSY Minkowski vacuum. Another interesting subject is how the present analysis can
be generalized to models with more fields.
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Appendix
In the appendix we give the full expressions for the scalar potential and its derivative for the modified
KL model with the correction to the Kähler potential parametrized by the parameter κ defined in (57).
The potential has the form:
96N cdt3V =4c2d2t2 (4 + κ) (e−d∆ − e−c∆)2 + 9κ (ce−d∆ − de−c∆ − c+ d)2
+12 (κ− 4) cdt (e−d∆ − e−c∆) (de−c∆ − ce−d∆ + c− d)
+4cde−∆(c+d)
[
4cd (4 + κ) t2 − 6 (κ− 4) (c+ d) t + 9κ] sin2((c− d) τ
2
)
+12 (c− d) de−c∆ [2ct (κ− 4)− 3κ] sin2
(cτ
2
)
− 12 (c− d) ce−d∆ [2dt (κ− 4)− 3κ] sin2
(
dτ
2
)
. (A.1)
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Its first derivative with respect to t is given by:
192N cdt4∂V
∂t
=−16c2d2t3 (4 + κ) (e−c∆c− e−d∆d) (−e−d∆ + e−c∆)
− 4cdt2 {[6 (c2 + d2) (κ− 4) + 2cd (κ− 32)] e−∆(d+c)
−7cd (κ− 8) (e−2d∆ + e−2c∆)}
+24cdt2 (c− d) (κ− 4) (−e−d∆d+ e−c∆c)
+48cdt (κ− 4) (e−d∆ − e−c∆) (e−d∆c− e−c∆d− c+ d)
− 81κ (−d + c+ e−c∆d− e−d∆c)2
− 4cd{8cd (4 + κ) (d+ c) t3 − [12(c2 + d2) (κ− 4) + 4cd (κ− 32)] t2
−24 (κ− 4) (c+ d) t + 81κ} e−∆(d+c) sin2
(
(c− d) τ
2
)
− 12 (c− d) de−c∆ sin2
(cτ
2
)
(4ct (κ− 4) (ct+ 2)− 27κ)
+ 12 (c− d) ce−d∆ sin2
(
dτ
2
)
(4dt (κ− 4) (dt+ 2)− 27κ) . (A.2)
The coefficient of the τ 2 term in the expansion of ∂V
∂t
(59), after imposing dtmink = 1 and using
parameter δ defined in (55), reads:
− 8d4δ (1 + δ)
{
3
2
[
(d∆+ 1)2 (κ− 4) δ2 + 2 (d∆+ 2) (d∆+ 1) (κ− 4) δ
+ (κ− 4) d2∆2 + 4 (κ− 4) d∆− 12− 15
4
κ
]
(1 + δ) e−d∆(1+δ)
+
[(
(4 + κ) d∆+ 10− 1
2
κ
)
(d∆+ 1)2 δ2 + 2 (4 + κ) d3∆3
+3 (d∆+ 1)
(
(4 + κ) d2∆2 +
5
6
(
κ+
104
5
)
d∆+
52
3
− 7
6
κ
)
δ
+
5
2
(
κ +
104
5
)
d2∆
2
+ (104− 7κ) d∆+ 21
8
κ+ 60
]
δe−d∆(2+δ)
−3
2
[
(κ− 4) d2∆2 + 4 (κ− 4) d∆− 12− 15
4
κ
]
e−d∆
}
. (A.3)
Notice that κ is not a constant and depends on ∆ too. The plot of the above function is presented on
fig. 5. One can see that (A.3) is always negative. This is the reason why for a certain value of τ the
minimum in the t direction disappears and the potential (A.1) has no saddle points which are maxima
in the τ direction.
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